Incidence of aneurysm formation after dacron patch aortoplasty repair for coarctation of the aorta: Long-term results and assessment utilizing magnetic resonance angiography with three-dimensional surface rendering  by Parks, Willie James et al.
266 JACC Vol. 26, No. 1 
July 1995:266-71 
Incidence of Aneurysm Formation After Dacron Patch Aortoplasty 
Repair for Coarctation of the Aorta: Long-Term Results and 
Assessment Utilizing Magnetic Resonance Angiography With 
Three-Dimensional Surface Rendering 
WILL IE  JAMES PARKS,  MD, THANG D. NGO,  BA, WILL IAM H. PLAUTH,  JR., MD,  FACC,*  
ESTELLE  R. BANK,  MD, t  SCOTT K. SHEPPARD,  MS,~ RODERIC  I. PETT IGREW,  P~D,  MD, t  
WILL IS  H. WILL IAMS,  MD'~ 
Atlanta, Georgia 
Objectives. Magnetic resonance angiography with three- 
dimensional surface rendering was performed to determine its 
value in assessing anatomic detail in patients with suspected 
aortic aneurysms. 
Background. Dacron patch aortoplasty repair of coarctation of 
the aorta carries an inherent risk of aneurysm development. 
Sudden death from aortic rupture prompted discontinuing 
this operation and evaluating 39 patients (16 girls; mean age 
6.3 years, range 10 days to 14.5 years) undergoing repair be- 
tween January 1976 and October 1987. The aorta ruptured in 
10 patients; 6 died at a mean interval of 8.1 years (range 0.75 
to 12.4) after repair. All 33 survivors were interviewed and 
examined. 
Methods. Conventional magnetic resonance imaging was per- 
formed in 26 patients, magnetic resonance angiography in 18. 
Angiographic slices were used to reconstruct three-dimensional 
images. No catheterization or contrast angiography was per- 
formed. Surgical intervention was based on clinical findings and 
magnetic resonance images. 
Results. Twenty patients (11 girls) developed aneurysms, ofwhich 
nine were detected in patients studied by magnetic resonance. 
Ruptures occurred in eight female patients, three of whom were 
pregnant. Surface renderings accurately defined aortic anatomy or 
aneurysms in all patients. On follow-up, no aneurysms have been 
detected in patients with negative magnetic resonance study results. 
Precise anatomic orrelation with operative findings was reported. 
Conclusions. Magnetic resonance angiography with three- 
dimensional surface rendering provides noninvasive, radiation-free 
and contrast agent-free high resolution images of the thoracic aorta. 
These images can be reviewed and have three-dimensional form and 
perspective. These techniques were preferred over invasive angiogra- 
phy by surgeons and clinicians as definitive, risk-free procedures 
before surgical intervention. 
(J Am Coil Cardiol 1995;26:266-71) 
Dacron patch aortoplasty gained popularity in the mid-1960s 
because of its excellent gradient resolution and because it 
avoided sacrifice of intercostal arteries and minimized rcsten- 
osis by eliminating circumferential suture lines (1). During this 
period, Dacron patch aortoplasty technique was extensively 
used by many institutions for repair of coarctation of the aorta. 
Late aneurysm formation, a most serious postoperative and 
life-threatening complication, has led many institutions, in- 
cluding our own, to abandon the technique (2,3). The inci- 
dence of aneurysm formation after Dacron patch aortoplasty 
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in reported series varied from 4% to 38% (4-10). In this 
review, we report a 51% late aneurysm formation after Dacron 
patch aortoplasty repair of coarctation of the aorta and 
describe the utilization and usefulness of magnetic resonance 
imaging and three-dimensional magnetic resonance angiogra- 
phy in perioperative evaluation of patients. 
Methods  
Patients. Thirty-nine patients underwent Dacron patch 
aortoplasty repair of eoarctation of the aorta at Emory Uni- 
versity between January 1976 and October 1987. Dacron patch 
aortoplasty was the initial operative procedure for native 
coarctation of the aorta or was performed uring a required 
revision by three surgeons at Emory University. Thirty-three 
patients initially underwent Dacron patch aortoplasty only; six 
underwent varied primary procedures: end-to-end repair 
(three patients), a combination of subclavian flap aortoplasty 
and end-to-end repair (one patient), end-to-end repair and 
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Table l. Results by Age Group at Time of Operation 
Age No. (%) of No. of No. of 
At Operation Aneurvsms Deaths Ruptures 
Group I <2 yr* 1 (11c:~l 1 1 
(9 patients) (0.33/(I.48)* 
Group I1 >2 yr 19 (63~) 5 9 
(30 patients) (7.9/3.34)+ 
Total -- 20 (51 ¢'~ ) 6 10 
*Two-sample t st, 99% confidence inter~'al (p< II.01). ~'Mean value/SD. 
Dacron patch aortoplasty (one patient), and subclavian flap 
aortoplasty and Dacron patch aortoplasty (one patient). Five 
of these six patients ubsequently underwent revision of their 
repair for recoarctation of the aorta. Age at Dacron patch 
aortoplasty ranged from 10 days to 14.5 years (mean 6.3 years). 
Study groups. The patients were classified into two groups 
on the basis of age at Dacron patch aortoplasty repair of 
coarctation (Table 1): repair at <2 years of age (group I, n = 
9) and repair at >2 years of age (group II, n = 30). In group 
I, eight patients underwent Dacron patch aortoplasty between 
10 days and 7 months of age; one other patient had repair at 
1.5 years of age (mean 0.33 years, SD 0.48). Age at operation 
in group 1I ranged from 3.5 to 14.5 years (mean 7.9, SD 3.34). 
Follow-up ranged from 12.6 to 17 years (mean 15, SD 1.7) and 
6 to 16 years (mean 13.3, SD 3.1, excluding one patient who 
died 1 year postoperatively) for groups I and 1I, respectively. 
The difference between the mean age at operation and inci- 
dence of aneurysm formation between the two yielded a p 
value <0.01. 
Imaging techniques. Conventional electrocardiographic 
(ECG)-gated spin-echo magnetic resonance imaging (MRI) 
was performed in all 26 patients. In addition, ECG-gated 
inflow magnetic resonance angiography with trigger delay and 
a user-defined iastolic acquisition gated width, known as 
"gated sweep" (11), was performed in 18 patients. Gated 
sweep is a technique used to image flow in vascular structures 
during diastolic filling to minimize the effect of turbulence on 
the image quality. Figure 1 (top) illustrates a gated sweep 
image. A series of sequential transverse images of this type 
spanning the thoracic aorta are acquired in a sequential format 
and are used to reconstruct three-dimensional images of the 
aorta. Conventional MRI was also performed and included 
static spin echo images (Fig. 1, bottom) and, in selected cases, 
cine fast gradient echo images in transverse, coronal and 
sagittal planes. The spin echo images were 5 to 8 mm thick with 
a 10% gap. 
The gated sweep images were 3 to 4 mm thick with a l-mm 
overlap. Both gated sweep and conventional MRI were per- 
formed utilizing a 1.5-tesla ACS Gyroscan (Philips Medical 
System). Data acquired from each patient were postprocessed 
on a Philips Gyroview work station with three-dimensional 
surface-rendering capability (ISG Allegro) for reconstruction 
of the aorta. The three-dimensional reconstructed images of 
the aorta were reviewed from different rotational angles and 
printed on a Kodak thermal printer (XL 7700) for subsequent 
Figure l. Top, Large aortic aneurysm (an) in a 3-mm transverse slice 
obtained by the gated sweep technique. The angiographic image 
outlines the lumen of the vessel at the level of the transverse arch. The 
ascending aorta (a) and superior vena cava (s) are also shown. Arrow = 
large saccular aneurysm at the previous Dacron patch aortoplasty 
repair site. Bottom, Static spin-echo image from the same patient. This 
transverse image is within several millimeters of the top image. The 
static spin-echo images do not illustrate flow in the lumen but depict 
the vascular margins of the aneurysm and other vascular lumens. L - 
left; R = right. 
review and examination. Each study took -60 to 90 min. 
Postprocessing time required an additional 20 to 30 rain. An 
aneurysm was diagnosed when the ratio of diameter of the 
aorta at the repair site to the diameter of the aorta at the level 
of the diaphragm exceeded 1.5 (3,4,9). Although the definition 
of an aneurysm is somewhat arbitrary, there is, however, no 
question about defining an aneurysm in our study patients, as 
shown by Figure 1. 
Statistical methods. All statistical analysis was performed 
using the Student t test (Origin, MicroCal Software). A p value 
<0.05 was considered statistically significant. 
Resu l ts  
Twenty aneurysms occurred in 39 patients (51%) (Table 1). 
Nine of the 20 aneurysms were detected by MRI and magnetic 
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Figure 2. Top, Fifty-one percent of aneurysms were 
detected >10 years after Dacron patch aortoplasty 
repair. The frequency of aneurysm formation ap- 
pears to increase xponentially after 10 years. Mid- 
dle, Group survival rate. Nine patients underwent 
Dacron patch aortoplasty (DPA) at <2 years of age 
(group I); one died, yielding a survival rate of 88.9%. 
The survival rate was 83.3% for patients >2 years old 
at Dacron patch aortoplasty. Bottom, Overall sur- 
vival rate is 85%. 
resonance angiography atour institution; 5 were detected and 
resected at other institutions, and 6 were diagnosed at autopsy. 
The rate of detection (years) of aneurysms postrepair are 
depicted in Figure 2 (top). The increasing frequency of aneu- 
rysms appears to progress exponentially after 10 years postop- 
eratively. Ten ruptures occurred in the 20 patients with aneu- 
wsms (50%) at the site of previous coarctation repair by 
Dacron patch graft and were fatal in two male and four female 
patients (Table 2). Nine (39%) of the 23 male patients had 
aneurysms versus 11 (70¢}) of the 16 female patients. Of the 10 
patients with aortic aneurysm rupture, 3 were pregnant, and 7 
complained of hemoptysis and paraspinal back pain before the 
event. There were four survivors of aortic rupture; all were 
female, and two were pregnant. Only one patient (11%) was 
found to have an aneurysm in group | compared with 19 in 
group ll (63%). 
Four female and two male patients died (Table 2) of aortic 
aneurysm rupture (five in group II, one in group I). One 
patient died suddenly at her private residence; one died at the 
beginning of her third trimester of pregnancy; and two others 
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Table 2. Results of Dacron Patch Angioplasty 
NO. of No. (c)~) of No. of No. ot 
Gender Patients Ancul3,sms Ruptures Deaths 
Male 23 9 (39~) 2 2 
Female 16 11 (69G) 8 4* 
Total 39 20 (51"~) 10 6 
*Three prcgnancics. 
died in the operating room after the aneurysms had ruptured. 
Autopsy reports of all six patients revealed the cause of death 
to be aortic rupture (death occurred at a mean interval of 8.1 
years [range 0.75 to 12.4] after repair) at the site of the patch 
aortoplasty. All patient deaths in group II had coarctation of 
the aorta as the primary diagnosis, whereas the patient death in 
group I had a ventricular septal defect, hypoplastic arch and 
coarctation of the aorta. Fourteen patients in group II (>2 
years old at operation) had aneurysms that were successfully 
detected and resected (nine at Emory University Hospital, five 
elsewhere). Surgical intervention for the nine patients at 
Emory was planned on the basis of magnetic resonance images 
and three-dimensional magnetic resonance surface rendering 
(Fig. 3) alone; no catheterization r contrast angiography was 
performed. 
Surgeons reported precise anatomic correlation between 
the three-dimensional reconstructed images and the operative 
findings in each case. The postoperative survival rates (Fig. 2) 
were 88.89% and 83.33% for groups I and II, respectively, and 
an overall 84.6% for the combined patient groups. 
Symptoms and laboratory findings. Paraspina[ back pain 
and hemoptysis/hematemesis were the most often reported 
symptoms during historical review of patients with aortic 
rupture. Rarely were complaints of chest pain or discomfort 
reported. Patients without rupture, despite the presence of 
extensive aneuusmal dilation, were usually asymptomatic or
had rare complaints of paraspinal discomfort. Chest x-ray 
findings were often abnormal, with an enlarged aortic knob, 
which was noted in patients with a large aneurysm as well as in 
those with mild to marginal dilation. 
Pregnancy. Four of the five pregnant patients developed 
aneurysms, and rupture occurred in three of these four. The 
majority of aneurysms occurred in female patients, which leads 
us to consider that female gender carries a higher risk despite 
the absence of statistical significance in the present study. 
Pregnancy appears notably to increase the risk of aneurysm 
rupture. Although the underlying mechanism for this finding is 
not clearly understood, it might be attributed to increased 
cardiac output and volume and pressure overload during 
pregnancy (12-15). 
Pregnancy as a risk factor for patients of child-bearing age 
should prompt early evaluation before a planned conception 
and shortly after delivery. Studies during the course of preg- 
nancy by other noninvasivc methods or techniques might 
become necessary if deemed clinically warranted. Several 
patients with ruptured aneurysms complained previously of 
hemoptysis and paraspinal back pain as their only reported 
symptom (16), and despite an apparent higher incidence in 
women, no statistical difference between the male and female 
patients was found in the incidence of aneurysm formation as 
related to age at surgical repair. 
Hypertension. The numbcr of hypertensive patients in the 
present study (11 [39%] of 39) was consistent with that 
previously documented in population studies after patch repair 
(17). It occurred with similar frequency in our patients, both 
Figure 3. Three-dimensional surface image of a 2l- 
year old man 15 years after Dacron patch aortoplasty, 
with a large saccular aneurysm (arrow) shown in 
multiple views. This patient has suspected aneurysmal 
involvement ofthe base of thc left subclavian artery (I) 
as well; the extension of the repair onto the base of the 
subclavian artery occurred over several repairs to place 
larger patches. The other brachiocephalic vessels are 
free of involvement. The descending aorta also illus- 
trates the most inferior extension of the lesion. 
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those with aneurysms and those free of aneurysmal dilation 
after Dacron patch aortoplasty. Hypertension did not appear 
to be a major factor in the present study, but its etiology should 
be determined and therapy instituted because its possible 
contribution to aneurysm formation and rupture cannot be 
dismissed (3,18). 
Pathologic findings. Medial fibrosis with disruption of the 
elastic lamellac and peripatch atherosclerotic changes ap- 
peared in several patients tudied after aortic rupture or 
aneurysm resection. Intimal thickening and fibrosis with ab- 
sence of an identifiable medial ayer wa', also reported in one 
patient, again with atherosclerotic hanges. The common 
factor identified among the patients with aneurysm formation 
was disruption of the integrity of the aortic layers in the 
peripatch area. This disruption appears to contribute to wcak- 
hess of the vessel at this point. This segment of the aorta may 
also have an abnormal wall structure by virtue of the original 
coarctation and adjacent ductal tissue. 
Discussion 
In 1983, Ala-Kulju et al. (4) reported a 27% incidence of 
aneurysm formation after patch aortoplasty in adult patients. 
In 1988, the same group reported a 32% incidence and 
suggested that the incidence (5) and rate (19) of aneurysm 
formation increased over time with continued follow-up. Our 
findings, which reveal an ovcrall 51% incidence of aneurysm 
after patch aortoplasty with almost 17 years of follow-up, 
strongly support hose observations. 
Aneurysm incidence in group 1 is much lower than that in 
group II (11% vs. 63%), even though survival rates for both 
groups were not significantly different (88.89% vs. 83.33%). 
The high survival rate for group I1 was partially attributed to 
timely detection of aneurysms and subsequent surgical resec- 
tion. Mortality rate conceivably would have increased had 
detection and intervention ot been prompted by the present 
study. A low incidence of postpatch aneurysm formation for 
this procedure in group 1 allowed us to speculate that Dacron 
patch aortoplasty repair of coarctation of the aorta in children 
<2 years old may prove in long-term follow-up to be a reliable 
surgical approach. This operation has an unfavorable outcome 
when performed in patients >2 years of age. Follow-up at 
regular intervals is recommended in cithcr case. 
Anenrysm formation (suspected etiologies). Causative fac- 
tors of aneurysm development appear to include the utilization 
of larger patches (20) and associated increased wall stress in 
the repair of the older group, and should include the higher 
relative blood pressure in older patients than in newborns and 
infants. Other factors to be considered are the higher elasticity 
of the aorta in newborns and infants and surgical removal ot 
the anterior intimal ridge. 
Age risk factor, The present study clearly demonstrates a 
specific time frame, <2 years of age, at which Dacron patch 
aortoplasty should be performed. Previous studies suggested 
that this technique be perfoxmcd as early as possible (21,22) 
and abandoned in adolescents and adults (10) but never 
Figure 4. Static spin-echo sagittal image showing a large saccular 
aneurysm. Hemorrhage (h) shown over apical portion of aneurysm 
with some posterior and lateral extension. The ascending (a) and 
descending aortas (d) are normal, with no ancurysmal involvement. 
A - anterior; P - posterior. 
specifically suggested a cutoff time frame. Thus, the continued 
use of this surgical technique may have a role in younger 
patients at those institutions that continue to practice patch 
aortoplasty as a primary surgical approach to correction of 
coarctation of the aorta (23). 
Noninvasive imaging. Magnetic resonance imaging has 
gained popularity for its safety and accuracy in aneurysm 
detection i both adults (24) and children (25) and has proved 
to be an important noninvasive and economically competitive 
method for evaluation of patients with suspected or known 
aortic pathology. Our experience suggests that a complete 
MRI examination, including static spin-echo images and cine 
fast gradient echo images, should be performed in all patients 
with previous Dacron patch aortoplasty repair of coarctation of
the aorta. Additional computer-generated three-dimensional 
rcconstructed images are very helpful for presurgical planning 
and can be developed from both the contiguous multislice 
gated inflow or transverse spin-echo images. Surgeons at 
Emory resected aneurysms in nine patients relying solely on 
information provided by these three-dimensional recon- 
structed angiographic images and found these images to be 
extremely accurate and precise renderings of the anatomy 
found at operation. 
Conclusions. Late aneurysm formation may be a poten- 
tially lethal complication of Dacron patch aortoplasty repair of 
coarctation of the aorta. It is more likely to occur in female 
patients operated on >2 years of age and especially among 
women who become pregnant. The risk of aneurysm formation 
appears to be substantially reduced by operating earlier (<2 
years of age), yielding 63% versus 11% in this study. Female 
patients may have a higher incidence of aneurysm formation 
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after Dacron patch aortoplasty than their male counterparts 
(70% vs. 39% in this study, but p > 0.05), and pregnancy 
appears to be a significant late risk factor for subsequent 
rupture. 
Magnetic resonance imaging with magnetic resonance angiog- 
raphy and three-dimensional surface rendering provides a nonin- 
vasive, radiation-free method of obtaining high resolution images 
of the entire thoracic aorta and adjacent structures. In addition, 
three-dimensional MRI (reconstructed images) allows display of 
the aorta in any desired perspective and has proved to be valuable 
to surgeons in planning the course of operation and in reviewing 
postoperative results. Static spin-echo MRI also provides multi- 
planar review and, in cases where rupture is suspected, may 
delineate hemorrhage (Fig. 4). In addition, detailed segmental 
soft tissue anatomy is clearly provided. Because of these features 
and demonstrated accuracy in three-dimensional anatomic depic- 
tions, static MRI studies and magnetic resonance angiography 
with three-dimensional reconstruction are indeed preferred 
over other imaging methods by surgeons in our institution as 
a definitive evaluation procedure before resection of aortic 
aneurysms. 
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